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1. 构建镍胁迫下安氏伪镖水蚤 SSH cDNA 文库  以 8.86 mg/L 镍胁迫下的
安氏伪镖水蚤为实验组，以未处理的安氏伪镖水蚤为对照组，利用 SSH 技术构
建镍胁迫下安氏伪镖水蚤差异 cDNA 文库，文库包含重组质粒容量为 1.12×106 
cfu，重组质粒中插入片段大小分布 500 bp 以下约占 28.3%，500-1000 bp 约占
63.0%，1000 bp 以上约占 8.7%。 
2. 克隆获得了安氏伪镖水蚤 129 个相关表达基因  随机测序 674 个阳性克
隆子，经过分析和拼接，共获得 129 个安氏伪镖水蚤基因。经基因本体释义工具
分析，有 119 个基因分别参与了不同的生物学过程。其中，34 个（26.4%）参与
了细胞新陈代谢过程，24 个（18.6%）与转录和翻译进程有关，20 个（15.5%）
参与抗氧化防御和应激响应，11 个（8.5%）参与细胞转运和细胞内稳态维持，
10 个（7.8%）与细胞骨架的组装相关，9 个（7.0%）参与生物学调节过程，9 个
（7.0%）参与细胞信号传导过程。另有 10 个基因的功能未知，将之划分为未知
功能群。 
3. SMART RACE PCR 获得了 18 个包含完整开放阅读框的 cDNA 序列  利

















基因 cDNA 序列，其中精氨酸激酶、细胞色素 c 氧化酶 II、细胞色素 c 氧化酶
III、组织蛋白酶 D、铁蛋白、热休克蛋白 70、热休克蛋白 90、热休克蛋白β1、
肌球蛋白调节轻链、肌球蛋白碱性轻链 1、神经钙离子感应蛋白 2、抑制蛋白、
核糖体蛋白 L10a、核糖体蛋白 L3、翻译控制肿瘤蛋白、卵黄蛋白原 2 等 16 个
为全长序列。深入分析了这些序列的特征，预测其编码蛋白质的性质、结构及
功能。 
4．分析了 6 个基因在镍胁迫下的差异表达特性  利用荧光定量 PCR 方法分





















In recent years, with the process of urbanization and industrialization, 
environmental pollution problems have become increasingly prominent. Heavy metal 
pollution is hidden, irreversible, undegradable and stable, thus heavy metals are 
regarded as one of the most harmful pollutants. Nickel is widespread, and it is 
necessary for the growth and reproduction of many animals, but high concentration of 
nickel is toxic to organisms. It may cause skin allergies, immunotoxicity, and kidney 
toxicity. Actually, nickel and nickel compounds have been classified as human 
carcinogens. However, the study of nickel toxicity and the undertaken mechanisms to 
aquatic organisms is relatively scarce. The calanoid coepopod Pseudodiaptomus 
annandalei has the potential to become a indicator species. In this study, the genes 
differentially expressed in the copepod Pseudodiaptomus annandalei following nickel 
exposure were screened using suppression subtractive hybridization (SSH), and 
full-lengths of specific genes screened from the library were amplified and analyzed. 
Differential expression pattern of target genes under nickel stress were further studied 
by quantitative real-time PCR. We aimed at providing theoretical basis for the 
molecular mechanism of how aquatic animals response to heavy metal stress. 
The main results were shown as follows: 
1．The SSH cDNA library of Pseudodiaptomus annandalei under nickel 
stress was successfully constructed. 
In the present study, P. annandalei were exposed to nickel at a concentration of 
8.86 mg/Lfor 24 h, after which the RNA was prepared for SSH using unexposed P. 
annandalei as drivers. The SSH library was successfully constructed with content of 
1.12×106 cfu. Size distribution of recombinant plasmids was as follow: fragments 
with size below 500 bp occupy about 28.3%; fragments with size between 500-1000 
bp approximately 63.0% and fragments with size above 1000 bp consist of about 
8.7%.  
2．129 genes were cloned from Pseudodiaptomus annandalei 
After construction of the SSH library, recombinant plasmids were randomly 

















129 genes were recognized based on BLAST searches in NCBI and were categorized 
in association with different biological processes using AmiGO against the Gene 
Ontology database. Among 119 genes (92.2%) involved in different biological 
processes, 34 genes (26.4%) were categorized as a group in association with cellular 
metabolism; 24 (18.6%) were related to transcription and translation; 20 (15.5%) were 
linked to antioxidant defense and stress response; 11 (8.5%) were genes participate in 
transport and cell homeostasis; 10 (7.8%) were associated with cell cytoskeleton; 9 
(7.0%) were involved in biological regulation; 9 (7.0%) were listed as a cell signal  
group; 2 (1.6%) were rRNA genes; and 10 (7.8%) genes. More than 10 genes were 
classified as an unknown function gene group. 
3. Eighteen genes with a complete open reading frame from P. annandalei 
were amplified and elucidated. 
Eighteen genes including Arginine Kinase , ATP synthase lipid-binding protein, 
cytochrome oxidase II, cytochrome oxidase III, cathepsin D, Ferritin, Heat shock 
protein 70, Heat shock protein 90, Heat shock protein β1, Myosin light chain, Myosin 
light chain alkali 1, Myosin light chain alkali 2, Neuronal calcium sensor 2, Profilin, 
Ribosomal protein L10a, Ribosomal protein L3, Translationally-controlled tumor 
protein, vitellogenin 2 were batch amplified using SMART RACE technique, 16 of 
them with fulllength sequences. Using a variety of biological tools, the characteristics 
of the genes were analyzed, and the nature, structure and function of the encoded 
proteins were elucidated. 
4. Expression pattern of six specific genes under nickel stress 
The differential Nickel doze- stress and time-response expression of 6 genes 
including MnSOD, HSP70, HSP90, HSPB1, CTSD and AK under nickel stress of P. 
annandalei were studied using quantitative real time PCR. The results confirmed the 
differential expression pattern of these genes under nickel stress. 
 



















英文缩写 英文全称 中文全称 
ACHE acetylcholinesterase 乙酰胆碱酯酶 
AhR Aryl hydrocarbon receptor 芳烃受体 
AK arginine kinase 精氨酸激酶 
As arsenic 砷 
ATP Adenosine Triphosphate 三磷酸腺苷 
ATP5G1 ATP synthase lipid-binding protein ATP 合成酶脂结合蛋白 
bp Base pair 碱基对 
CD Conserved Domain 保守结构域 
cDNA Complementary DNA   互补脱氧核糖核酸 
CK creatine kinase 肌酸激酶 
CO2 carbon dioxide 二氧化碳 
COII cytochrome oxidase II 细胞色素氧化酶 II 
COIII cytochrome oxidase III 细胞色素氧化酶 III 
CTSD cathepsin D 组织蛋白酶 D 
Cu/ZnSOD copper-zinc-containing superoxide dismutase 铜锌超氧化物歧化酶 
DEAE diethylaminoethyl cellulose 二乙氨基乙基纤维素 
DEPC Diethyl pyrocarbonate 焦碳酸二乙脂 
EB Ethidium bromide 溴化乙啶 
EDTA Ethylene Diamine Tetraacetic Acid 乙二胺四乙酸 
ELAM endothelial leukocyte adhension 内皮白细胞粘附分子 
EST Expressed Sequence Tag 表达序列标签 
FER Ferritin 铁蛋白 
FeSOD iron-superoxide dismutase 铁超氧化物歧化酶 
GAPDH glyceraldehyde-3-phosphate dehydrogenase 磷酸甘油醛脱氢酶 
GO Gene ontology 基因本体释义工具 
GSH glutathione 谷胱甘肽 
GSSG oxidized glutathione  氧化型谷胱甘肽 
HIF Hypoxia Inducible Factor 缺氧诱导因子 
HSP Heat shock protein 热休克蛋白 
ICAM intercellular adhesion molecule 胞间粘附分子 
Ig Immunoglobulin 免疫球蛋白 

















IPTG isopropyl-β-d-thiogalactoside 异丙基-β-d-硫代半乳糖苷 
kDa kilodalton 千道尔顿 
LB Luria-Bertani medium  LB 培养基 
LD50 median lethal dose 半致死剂量 
LD PCR Long distance Polymerase Chain Reaction 长距离聚合酶链式反应 
Milli-Q ultrapure water 超纯水 
MMLV Moloney murine leukemia virus 莫洛尼鼠白血病病毒 
MnSOD manganese superoxide dismutase 锰超氧化物歧化酶 
mRNA Messenger ribonucleic acid  信使 RNA 
MT microtubules 微管 
MW Molecular weight 分子量 
MYL myosin light chain 肌球蛋白轻链 
MYL A1 Myosin light chain alkali 1 肌球碱性蛋白轻链 1 
MYL A2 Myosin light chain alkali 2 肌球碱性蛋白轻链 2 
NaAc sodium acetate 醋酸钠 




NCBI National center for biotechnology information 美国国家生物信息中心 
NCS 2 Neuronal calcium sensor 2 神经钙离子感应蛋白 
NF-KB 
ng 




NO Nitric Oxide 一氧化氮 
nt Nucleotide 核苷酸 
ORF Open reading frame 开放阅读框
PCB Polychlorinated Biphenyl 多氯联苯 
PFN Profilin 抑制蛋白 
pH Potential Of Hydrogen 酸碱度 
pI Isoelectric point 等电点 
qPCR Real-time PCR 实时定量 PCR 
RACE Rapid amplfication of cDNA ends 快速扩增 cDNA 末端 
ROS Reactive Oxygen Species 活性氧 
RPL10A ribosomal protein L10a 核糖体蛋白 L10a 
RPL3 ribosomal protein L3 核糖体蛋白 L3 
rpm revolutions per minute  转数／分 
RQ Relative quantification 相对定量值 


















S Svedberg 斯韦柏(沉降系数单位) 
Se selenium 硒 
sHSP Small heat shock protein 小分子热休克蛋白 
SMART Switching mechanism at 5’ end of RNA 
transcript 
RNA 转录本 5/末端转换机制 
SOD Superoxide Dismutase 超氧化物歧化酶 
SSH Suppression subtractive hybridization 抑制性差减杂交 
TAE Tris-acetic acid-EDTA buffer Tris-乙酸 EDTA 缓冲液 
TCTP Translationally-controlled tumor protein 翻译控制肿瘤蛋白 
TNF Tumor Necrosis Factor 肿瘤坏死因子 
VCAM Vascular Cell Adhesion Molecule 血管细胞黏附分子 
















第一章  绪    论 
1 
第一章 绪 论 
近年来，随着城市化进程和工业化发展，环境污染问题日益凸显。其中，重
金属污染具有隐蔽性、不可逆性、生物不可降解性、稳定性等特点，因而重金属

















其化合物被划分为人类的致癌物（Salsano et al., 2004; Lu et al., 2005）。但是关
于镍对水生生物的毒性作用及机理的研究相对较少。本研究以安氏伪镖水蚤





















一过渡系 VIIIb 族元素。自然界中有 5 种镍的同位素，其中 58Ni（68.27%）和 60Ni
（26.10%）丰度 高。此外，七种人工合成的镍同位素，半衰期分别为几万毫秒

















工业区大气中镍含量在 120-170 ng/m3，而周边地区是 6-17 ng/m3（Norseth, 1979）。
岩石和沉积物可以可溶和颗粒形态沥滤出可观浓度的镍。深海区镍的浓度在
0.1-0.5 µg/L 之间，河口区镍浓度则在 1-75 µg/L 之间，而工业区附近的自然水体
中镍浓度可以达到 500-2000 µg/L。据报道在安大略湖萨伯德里一个镍精炼厂附
近水域镍浓度曾高达 183000 µg/L（Chau & Kulikovsky-Cordeiro, 1995）。二价镍
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